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Docket Control
Arizona Corporation Commission
1200 West Washington
Phoenix, Arizona 85007

RE: SWAT Studies for 2010 Biennial Electric Transmission Assessment 2010-2019
Docket No. E-00000D-09-0020

Dear Sir/Madam:

The Southwest Area Transmission (SWAT) Sub-Regional Transmission Planning Group is
comprised of transmission regulators/governmental entities, transmission users, transmission
owners, transmission providers, transmission operators, transmission developers, generation
developers, and environmental entities. The group was formed to promote regional planning
across the entire Southwest area of the Western Electricity Coordinating Council. SWAT
operates in a public forum and is open to any entity or persons interested in the development
and future of the electric transmission system. SWAT encourages collaborative efforts and joint
participation to address issues. A key goal of SWAT is to maximize use and benefits of the
existing and future regional transmission system. '

As members of SWAT, the Arizona Transmission Providers have participated in various SWAT
Technical Subcommittees, Task Forces, Work Groups and the Oversight Committee. The
Subcommittees, Task Forces, and Work Groups have been involved in study efforts
investigating renewable energy resources such as solar and wind energy, new base load
generation, transmission to access renewable resources, and how to meet load growth and
enhance the utilization of the existing transmission system. Due to the nature of performing
joint study work, Arizona Transmission Providers are dependent on the technical studies
performed under the direction of SWAT for development of their Ten Year Plans. The attached
study work and reports have been approved by the sponsoring Subcommittee and the SWAT
Oversight Committee at its August 18, 2009 meeting.

The attached 2009 study work was prepared by the SWAT sub-committee, Central Arizona
Transmission System - High Voltage (CATS-HV) and Central Arizona Transmission System - Extra
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High Voltage (CATS-EHV). The attached reports have been prepared to support Transmission

Provider's Ten Year Plan submittals in January 2010 and for use during the ACC's Sixth Biennial

Transmission Assessment.

The CATS-HV 2009 Transmission Study provides an analysis of ten-year (2019) transmission plan

projects, including 69kV detail, primarily in the Pinal County area.

The CATS-EHV 2009 Transmission Study fulfills the BTA requirement to study the ten-year

transmission plan projects and includes "Project Outage" (formerly known as N-1-1) analysis,

for the state of Arizona.

SWAT strongly supports the coordinated effort between the utilities and stakeholders and

supports the enclosed study reports.

Sincerely,

Robert 6. l<0v»c>lzLoLVea
P

Robert E. Kondziolka
Chairman of the SWAT Sub-Regional Transmission Planning Group
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Enclosure

cc: Prem Bahl (Acc)

Joseph Herrera (CATS-HV Chairman/ED3)

LeeAnn Torkelson (CATS-EHV Chair/SRP)

John Lucas (APS)

Ron Belval (TEP)

Jana Brandt (SRP)

James Rein (SWTC)

Dennis Delaney (ED4/SPPR)

Gary Imams (Central Arizona Project)

Tom Martin (ED2)
Ron McEachern (ED4/ED5)

Michael Gazda (APA)

Ken Buchanan (Pinal County)
Ron Moulton (Western)

Original and 13 copies of the foregoing filed with Docket Control.
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Executive Summary
Previous CATS-HV subcommittee reports have included a "saturated load" study to identify
what the total electric load between Phoenix and Tucson could ultimately be if land development
occurs according to county and municipal General Plans in the region, as well as the expected
performance of the regional transmission system for the 2016 Ten-Year Plans. There have been
significant changes within the CATS-HV region and a significant swing in load growth in
multiple directions, however the continual review of the long term (ten years and beyond)
requirements to meet the expected loads and resources for the multiple load serving entities
serving this area will continually give the visibility for all of the planning jurisdictions within the
CATS-HV area.

The 2007 and 2008 CATS-HV study efforts, two key issues had been identified and addressed as
a component of the 2008 CATS-HV Transmission Plan. Specifically, the 2008 Transmission
Plan included additional detailed 69kV subtransmission facilities as a component of the
coordinated CATS-HV 2008 Ten-Year Transmission Plan, as well as the potential impacts of the
CATS~HV transmission system with new generation resources to serve local and regional loads.

For 2009, the CATS-HV technical planning efforts included a coordinated Ten-Year Plan
analysis that included the expected facilities, loads and resource conditions for the 2019 time
frame. The analysis included continuous (N-0) and emergency CN-1 only) to determine any
voltage or thermal issues within the CATS-HV area.
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Introduction

Previous CATS-HV subcommittee reports have included a "saturated load" study to identify
what the total electric load between Phoenix and Tucson could ultimately be if land development
occurs according to county and municipal General Plans in the region, as well as the expected
performance of the regional transmission system for the 2016 Ten-Year Plans. There have been
significant changes within the CATS-HV region and a significant swing in load growth in
multiple directions, however the continual review of the long term (ten years and beyond)
requirements to meet the expected loads and resources for the multiple load serving entities
serving this area will continually give the visibility for all of the planning jurisdictions within the
CATS-HV area.

The 2007 and 2008 CATS-HV study efforts, two key issues had been identified and addressed as
a component of the 2008 CATS-HV Transmission Plan. Specifically, the 2008 Transmission
Plan included additional detailed 69kV subtransmission facilities as a component of the
coordinated CATS-HV 2008 Ten-Year Transmission Plan, as well as the potential impacts of the
CATS-HV transmission system with new generation resources to serve local and regional loads.

For 2009, the CATS-HV technical planning efforts included a coordinated Ten-Year Plan
analysis that included the expected facilities, loads and resource conditions for the 2019 time
frame. The analysis included continuous (N-0) and emergency (N-1 only) to determine any
voltage or thermal issues within the CATS-HV area. The specific tasks identified in the 2009
Study Plan are included below.

Task 1
Prepare a coordinated Ten-Year Transmission Plan (specifically 2019) for the CATS-HV study
area to be included in the 2009 SWAT Transmission Plan. The coordination of the 2009 CATS-
HV Transmission Plan will require (but is not limited to) the following steps:

Coordinate 2019 base case development for the CATS-HV region, including individual
stakeholders ten-year transmission plans, subtransmission facilities and the associated
system representations. The 2009 WestCormect coordinated base case will be used as the
source for this case development.
In addition to incorporating the detailed system representation, each LSE will be
responsible for supplying their respective load and resource information for the 2019
heavy summer season.
Conduct an assessment of the coordinated 2019 CATS-HV Transmission Plan in
accordance with NERC/WECC planning criteria. Specifically for 2009, Category A and
Category B contingencies will be included for this assessment'

1 The 2008 CATS-HV Ten-Year Plan included an analysis of multiple contingencies, Due to fact that the system
configuration for the CATS-HV has not significantly changed for the 2009 Ten-Year Plan, the decision was made to
not include multiple contingencies as a component of the 2009 CATS-HV Ten-Year Plan.

August 2009 Page 1
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Task 2
The final task for the 2009 SWAT CATS-HV Transmission Plan is to document the findings of
the analysis identified in this Study Plan as a component of the overall 2009 SWAT
Transmission Plan assessment, specifically:

Document the findings of the 2009 CATS-HV Transmission Plan and coordinate the final
report with the overall 2009 SWAT/WestConnect Transmission Plan report

•

August 2009 Page 2



Generation Location Existing or Planned
Base Case Dispatch Level

(M
Max Generation Available

(MW)
Desert Basin Exlsting 570 630

Sundance Exlsting 394.6 437
Saguaro Existing 398 398

Randolph (Coolidge) Planned 561.6 561.6

Abel Planned 780 842
Pinal Central Planned 1200 1394

SPPR Gen Planned 0 627

2009 CA TS-HV Report

Base Case Assumptions
The following sections identify the assumptions used in performing this study. The 2019 CATS-
HV base case development was initiated using with the approved CATS-HV 2018 base case (the
seed case was the July 2008 Wester Electricity Coordinating Council (WECC) approved
20l8HslA base case). A "round robin" approach was used to develop the CATS-HV base case
among the regional CATS-HV transmission owners and load serving entities (WECC members
only due to confidentiality of the power flow case information). Each entity updated the case to
reflect their expected 2019 heavy summer loads and resources, as well as planned transmission
additions (69kV and above). Entities include in the detailed review included were ED2, EDS,
EDS, ED5, SPPR, APS, SRP, Western, TEP, and SWTC.

Transmission and Generation Configurations
The coordinated 2019 CATS-HV base case was reviewed by Arizona entities and included the
companies' ten year plan elements that would be in service by 2019. A few note-worthy
transmission and generation items includel

Significant Additions or Exclusions:
•

•

•

•

Southeast Valley (SEV) 500kV line (Pinal West-Santa Rosa-Pinal Central-Abel-
Browning) was included.
Pinal Central 230kV lines to Desert Basin, Sundance, and Randolph/Browning were
included.
The SPPR "Three-Terminal" transmission plan (Pinal Central to ED5 230kV, ED5 to
Test Track 230kV, ED5 to Mara fa 230kV) was included.
Planned generation at Coolidge Energy (Randolph), Abel, Pinal Central, SPPR and
Bowie were included in the base case and dispatched as needed to meet load and resource
requirements for the region. Specific CATS HV area generation included in the base
case is shown in Table l.
The Sur Zia Southwest and other EHV injections (transmission) into the state of Arizona
were not included in this transmission configuration as none of these projects had been
classified as in Phase 2 of the WECC Three-Phase Rating process or "Planned" projects
in the WestConnect model at the time of the base case development.
Total Arizona Generation (dispatched): 33,802 MW
Total Arizona Load (w/o losses): 25,183 MW

Table 1: CATS-HV Area Base Case Generation Assumptions

August 2009 Page 3



2009CA TS-Il V Report

The transmission configuration for the 2019 CATS-HV base case was reviewed by Arizona
entities and included the companies' ten year plan elements that would be in service by 2019
Figure l depicts the CATS-HV region and associated transmission configuration

Figure l: 2019 CATS-HV Regional Transmission Configuration

August 2009 Page 4
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Methodology

with the CATS-HV loads and resources incorporated into the 2019 heavy summer base case, an
initial base case screening was performed to document transmission facility overloads during
normal operating conditions. Following the initial screening, power flow contingency analyses
were performed to review for reliability criteria violations. Specific studies conducted and their
evaluation criteria are outlined below:

Contingency Analysis

The CATS-HV 2019 base case was used to perform a reliability assessment under normal
operating conditions (NERC Category A, N-0), as well as, single (NERC Category B, N-1)
contingencies. These outages included:

•

•

All single (69-500kV) transmission circuit outages within Arizona (1938 line
contingencies, via PSLF generated outage list).
All single transformer outages within the Arizona area (297 transformer contingencies,
via PSLF generated outage list).
All single generation unit (G-1) outages within the Arizona area (171 generator
contingencies, via PSLF generated outage list).

The WECC/NERC planning standards were used to assess the adequacy of the study results.
The power flow analysis related evaluation criteria that were used are summarized below:

Pre-contingency bus voltage must be between 0.95 per unit and 1.05 per unit (although
note that several 500kV buses operate at approximately 1.06 per unit).
Maximum voltage deviation allowed at all buses under contingency conditions will be
5% for N-l contingencies.
Pre-disturbance loading to remain within continuous ratings of all equipment and line
conductors, specifically referencing Rating l as included in the CATS-HV base case.
Post-disturbance (N-l contingencies) loading to remain within emergency ratings of all
equipment and line conductors, specifically referencing Rating 2 as included in the
CATS-HV base case.

August 2009 P a ge  5



Outage Overloaded Facility Recommended Mitigation

NERC Category A (N-0)

ALL LINES IN SERVICE None N/A

Outage Overloaded Facility Recommended Mitigation

NERC Category B (N-1 )

N/A None

2009 CA TS-HV Report

Task 1 - Reliability Assessment of Ten-Year Plans

The CATS-HV 2019 heavy summer base case was initially screened for any NERC Category A
(N-0) thermal overloads based on the ratings contained in the base case to ensure it meets
reliability criteria during normal operating conditions. NERC Category B (N-l) were also
conducted, it should be noted however that a full outage listing (i.e. contingency list) is not
included with this report due to the magnitude of outages taken but are available upon request.
The detailed summary output tables are included in Appendix A.

Key findings from the power flow studies using the CATS-HV 2019 heavy summer base case
are:

• As shown in Table 3, no CATS-HV area facilities were identified as overloaded under
normal, all lines in service, conditions.

Table 3: NERC Category A Overloads within CATS-HV Area

Following the base case screening, power flow contingency simulations were conducted on the
CATS-HV 2019 heavy summer base case. Power flow solutions were achieved for all N-l
outages simulated.

• As shown in Table 4, no CATS-HV area facilities were identified as overloaded under
emergency conditions for a single contingency.

Table 4: NERC Category B Overloads within CATS-HV Area

Multiple transmission facility overloads were identified outside of the CATS-HV area
under emergency operating conditions for a single contingency outage. These overloads
will be addressed as part of the other subregional transmission planning efforts.

August 2009 Page 6



Outage Substation Delta Voltage
Voltage

Magnitude
Recommended

Mitigation
(shunt caps)No Caps wlcaps No Caps wlcaps

NERC Category B (N-1)

Coolidge to Valley
Farms 115kV line

Merrill 69kV
SE5 69kV

Valley Farms 69kV

14.4 %
14.8 %
14.8 %

2.2 %
2.2 %
4.0 %

0.86 p.u.
0.86 p.u.
0.88 p.u.

0.99 p.u.
0.99 p.u.
0.99 p.u.

Merrill
2 X 7.2MVAR

SE5
1 x 7.2MVAR

2009 CA TS-HV Report

Table 5 summarizes the findings related to violations within the CATS-HV area of "delta
Voltages" greater than 5% voltage deviation and "Voltage Magnitude" for load buses
less than 0.90 p.u. The load serving entity for these facilities has confirmed that power
factor correction will be required and examined as part of the routine planning cycle.

Table 5: NERC Category B Voltage Violations within CATS-HV Area

A few other voltage violations were identified outside of the CATS-HV area (south of
Marina) under emergency operating conditions for a single contingency outage. These
violations will be addressed as part of the SATS transmission plan.

August 2009 Page 7
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Conclusions

In summary for the 2009 CATS-HV Ten-Year Plan analysis found there were no voltage or
thermal issues within the CATS-HV area in the coordinated SWAT 2019 base case under pre
and post outage conditions.

August 2009 Page 8



APPENDIX A
TASK 1

CATS HV N-0 Violations

CATS HV N-1 Flow Violations

CATS HV N-1 Delta Voltage Flow Violations

CATS HV N-1 Voltage Magnitude Violations
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Executive Summary
The Ten Year Snapshot Study is an assessment of the ten year high voltage and extra high voltage
transmission plans developed by transmission owners in Arizona. The developed plans used a
coordinated base case, which models the expected transmission system in 2019. The 2018 Western
Electricity Coordinating Council (WECC) base ease was used as the seed base case. Forecasted loads,
resources, underlying transmission system, as well as planned facilities for all transmission owners in the
2019 timeframe were added to the seed case to develop the 2019 Central Arizona Transmission System
(CATS) case used in this study.

Though the Ten Year Snapshot Study Area has historically focused on the central Arizona region (an area
bounded by the Phoenix Metropolitan area to the north, the Tucson Metropolitan area to the south, the
Palo Verde Generating Station to the west and the Arizona/New Mexico border to the east), this year's
study has expanded to include reviewing impacts statewide. A state-wide view will assist in coordinating
this and other study efforts (and results) among the various planning groups in Arizona.

The assessment of the ten year plan consisted of conducting N-0 and N-1 power flow analyses on the
coordinated 2019 detail CATS base case to verify that there were no thermal overloads or voltage
problems for the 2019 time frame with ad] participants' 2019 planned facilities. Project Outage (N-1-1)
power flow analyses were conducted to show the impact on the surrounding transmission system by
removing an individual participant's Project from the ten year plan.

The base case showed prior to any outages (N-o conditions) there are a few busses outside of voltage
criteria, but no overloaded elements. Single contingency (N-1) analysis showed overloads on transmission
elements that can be addressed by upgrading the facilities, implementing switching solutions, or by
implementing existing generation tripping solutions. Voltage deviations were noted for contingencies in
the base case. The voltage deviations were a result of the simulated outage causing a radial condition,
needed voltage support, and/or were indicative of a modeling error that will need further investigation.
These thermal violations and voltage deviation issues have been seen by the utilities in internal studies
and have solutions either identified or being investigated.

The Project Outage (N-1-1) portion of the study, taldng out facilities associated with a Ten Year Planned
Project and running contingencies, showed that delay of a single Project would generally not cause
significant impact to the remaining transmission system. Fifteen Project Outages were studied, nine APS
Projects, four SRP Projects, one TEP Project, and delay of the Palo Verde-Devers #2 5ookv line. Delay of
the following projects beyond the ten year window had the greatest impact (5% or greater loading as
compared to the base case for the same contingency) to the transmission system:

Case # - Description
APS #3 - Raceway-Avery-Pinnacle Peak 23okv line
APS #5 - Raceway-Pinnacle Peak 5ookv line
TEP #1 - Pine] Central - Tortolita 500 kV line

The results of this study indicate the planned 2019 Arizona transmission system is robust as shown by
limited voltage and thermal w`olations in the base case. Additionally, the Project Outage scenarios
indicate that a delay of any one Project does not have a significant negative impact on the remaining
transmission system.
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Introduction

The Ten Year Snapshot Study was performed to coincide with CATS-EHV biennial filings with the Arizona
Corporate Commission (ACC). The Ten Year Snapshot Study is a collaborative effort to assess the CATS-
EHV ten-year transmission plan for Arizona.

The objective of the study is to analyze how the participants' ten year plans perform as whole in a regional
environment and the effect of omitting an individual planned transmission project from the plan.

The transmission system performance is assessed by studying N-0, N-1 and Project Outage (N-1-1)
conditions on a transmission system topography, load level, and generation dispatch forecasted in a tenth
year. The study consisted of a screening of voltage and thermal violations for N~o, N-1, and the Project
Outage scenarios. The system performance is assessed by reviewing thermal and voltage violations under
dl lines in service and outage conditions. The violations are identified if thermal or voltage excursions
exceed criteria determined by the North American Electric Reliability Council (NERC) transmission
planning (TPL) standards.

This report is one of a series of reports required to be filed with the ACC on a biennial basis as result of
Orders issued by the Arizona Corporation Commission from previous Biennial Transmission
Assessments. Other reports, including the Corridor Outage Studies and Extreme Contingencies Studies,
are not included with this report but will be submitted separately under separate cover.
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Yes 0BowieNatural Gas
YesNatural Gas 561TransCanada Coolidge
YesPenal CentralNatural Gas 900
YesSan Luis Rio ColoradoNatural Gas 300
Yes 600AbelNatural Gas
Yes 280Solana-Gila Bend areaSolar

Desert Rock YesCoal 1400

Study Methodology

Case building
The study began with development of a power flow ease that reflected a 2019 timeframe and included
participant's Ten Year Plan (TYP) projects. Annually, entities planning to build transmission or
generation above 1ookV or 1ooMw must file a TYP with the Arizona Corporation Commission (ACC).

This year's planning case, reflective of a 2019 transmission and generation topology, was a 2018 case
modified by Arizona Public Serw'ce (APS), Salt River Project (SRP), Electrical District #3 ( ED3), Tucson
Electric Power (TEP), Southwest Transmission Cooperative (SWTC), and Western Area Power
Administration (WAPA).

After a round-robin approach to updating the case, the study work began with reviewing the system under
"all lines in service" or "ALIS" conditions. Overloads or voltage violations were corrected to alleviate any
ALIS issues. This analysis is also known as "N-0" analysis which indicates the number of lines out of
service is "o", zero.

Case Highlights for Arizona
Generation
The generation capacity modeled for Arizona was 37,851MW with 33,967MW online.

Planned Generation
The following announced generation was modeled in the case:

Table 1 - Announced Generation in 2019 ease

Load
The state of Arizona was modeled with 25,340 MW of load in this 2019 study. The originating case, a
2018 coordinated case, had 26,029MW of load. The modest load reduction of 689MW, about 3%, is in
part due to estimates of load reductions expected in the ten year time frame in response to the recession.
The load reduction doesn't appear very large, and is in part due to the fact that the full depth of the
recession wasn't yet accounted for in load forecasts at the time case building for this study began .
Further, it has been utility experience that even in a recession, while near term load forecasts can be
dramatically affected, longer term forecasts tend to rebound close to pre-recession forecasts .

S t a t e  S t a t u s
The 2019 case shows Arizona generating nearly 76ooMw more than required to serve Arizona loads.
Arizona continues to export generation, primarily to California.
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APS02 2014Palo Verde-Sun Valley -Raceway 500 and 230 kV systems

c All of APSO1 plus
Sun Valley Raceway 500 kV line

2010 or 2012APSo3 Raceway-Avery-Pinnacle Peak 23okv line

Raceway-Avery 23okV line
Avery-TS6 230kV line
TS6-Pinnacle Peak 23okV line
Both TS6 230/69 kV transformers

2015APSo4 Palm Valley-TS2-Trilby Wash (TS1) 23okv line

Palm Valley-TS2 23okv line
TS2-Trilby Wash 23okv line

2010APSo5 Raceway-Pinnacle Peak 5ookv line

• Raceway-Pinnacle Peak (APS) 5ookv line
A113 Pinnacle Peak 500/23okV transformers

2016APSo6

•

Raceway 5ookV to 23okV transformer

Raceway 500/230kV transformer

2016APSo7 Sun Valley (TS5) Raceway (TSP) 5ookv line

• Sun Valley - Raceway 5ookv line
APSo8 2014

C

Hassayampa-North Gila 5ookv cut 2

Hassayampa-North Gila 5ookV line (cut 2)

APSo9 2013Penal Central Sundance 23okv line

| Pinal Central-Sundance 230kV line

APS01 2014Palo Verde-Sun Valley (formerly TS5) 500 and 230 kV system

• Delany-Sun Valley 500 kV line
• Sun Valley 500/230kV transformer

Sun Valley 500/230 kV transformer
• Sun Valley-Trilby Wash 23okv line
• Trilby Wash 230/69 kV transformer

N-1 and Project Outage (N-1 -1) Contingency Analysis
Once a base case was finalized contingency analysis was performed. Contingency analysis (also known as
N-1 analysis) simulates taldng an element out of service (maintenance, lire, storm damage, etc.) and
assessing the impact to the remainder of the system due to the loss of that facility. The utilities reviewed
the resultant violations and provided mitigation.

The last step of the study was the Project Outage analysis (also known as N-1-1) which resulted in fifteen
additional cases. Each Project Outage case removed a Project (transmission facility/ies) and single
contingencies were applied. The following Project Outages (separated into two tables) were considered for
this analysis:

APS Project Outage cases included:

Table 2 - APS Project Outage Cases

REV4
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2018SRPo2 PC Gen 500/230 kV transformer and all generation

PC Gen 500/230kv transformer
A11 PC gen

SRPO3 2013Pina] West - Pinal Central 5ookv line

Pima] West Santa Rosa
• Santa Rosa Penal Central

Santa Rosa 500/230kv transformers
SRP04 2012RS24 A11 230 kV lines and 230/69kV transformers at RS24

RS24-Abel (1 and 2)
RS24 230/69
RS24-Schrader
RS24-Santan

TEPo1 2013

s

Pine] Central-Tortolita 5ookV line
Pinal Central-Tortolita 500kV line

TBDPVD2 Palo Verde Devers #2 5ookv line

• Harquahala-Devers 500kV line

SRPo1

•

2013Desert Basin-Pina] Central 23okv line

Pima] Central -Desert Basin 23okv line

Project Outage cases for SRP , TEP and other Projects are shown below:

Table 3 - SRP, TEP, and other Project Outage Cases

REV4
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Single Element OutageN- 1 No element exceeding 100% of its
emergency rating

No voltage deviation
greater than 5%
No voltage deviation
greater than 5%

Project
Outage
(N-1-1)

Project Outage (with
system adjustments)
followed by another
contingency

Reducing loadings to 100% (or less)
of normal rating following the
removal of a project and 100% or less
of the emergency rating for the
subsequent outage

N - 0 No Outage, All lines in
service

Less than .95 or Greater
than 1.05 1

No element exceeding 100% of its
normal rating

Monitoring Criteria
This analysis monitors thermal loading of transmission facilities and voltage deviation at substations
caused by system disturbances (contingencies). The criteria in Table 4 - Monitoring criteria highlights
the criteria used to identify violations for this study. Exceeding the criteria below can cause damage to the
electric system. Elements that exceed the criteria indicate where problems in the system may exist and
that need further review to appropriately address the thermal or voltage deviation issue. The voltage and
thermal criteria are WECC criteria, which have the following limits:

Table 4 - Monitoring criteria

All thermal overloading results were screened to show only elements above 115kV. Voltage results were
also screened for bus voltages 115kV and higher. Voltage deviation calculated as the difference in voltage
between post and pre outage voltage on buses. If the voltage deviation exceeds 5%, the bus is listed as
exceeding criteria.

The Project Outage (N-1-1) thermal overload results were benchmarked against the N-1 results to
distinguish loadings that were only associated with the N-1-1 and were not pre-existing in the N-1 base
case. Highlighting was applied to the results where flow increased 5% or more in the Project Outage
scenario on the same element for the same contingency as compared to the base case.

The N-1-1 voltage deviation results were also benchmarked against N-1 results. Highlighting was applied
on the same busses where voltage deviations were greater than three percent more as compared to the
base case for the same bus and contingency.

Monitored Elements
All transmission facilities in Arizona with voltage greater than 115kV were monitored for thermal and
voltage criteria.

System Disturbances (Contingencies)
The contingencies studied included all Arizona transmission facilities (lines, transformers, and capacitors)
with voltages equal to or greater than 115kV.Study Results

1 Arizona utilities typically screen for voltage below 0.95 per unit and above 1.05 per unit on all systems
less than 5ookv. The 5ookv system is typically operated at 525kV which results in a per unit voltage
acceptable at 1.10 per unit.
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Base case results
The base case results include voltage and thermal results with all lines in service (no contingencies) as
well as voltage and thermal results under simulated contingency conditions.

The Base case showed no thermal violations (flow on elements exceeding an element's normal rating).
Voltage violations in the base case were typically high voltage violations due to modeling issues on the
system north of Phoenix. The high voltages can be addressed by adjusting transformer taps or removing
capacitors. Two low voltage busses were noted, but are south of the CATS EHV study area. The
suggestion to improve voltage at the two busses south of the CATS EHV study area was to turn on
generation at Valencia.

Name kV CONTINGENCY DESCRIPTION Base

Voltage

SOLUTIONS

VALNCIA 138

SONOITA 138

PRESCOTT 115

CHOLLA 345

NAVAJO 500

BAGDAD 115

BAGCAP 115

Table 5 - Base Case

Base system (n-0)

Base system (n-0)

Base system (n~0)

Base system (n-0)

Base system (n-0)

Base system (n-0)

Base system (n-0)

0.94

0.95

1.06

1.06

1.11

1.13

1,13

Turn on generation at Valencia

Turn on generation at Valencia

Turn off capacitors at BAGCAP for n-0

Adjust taps on the two 5001345kV transformers

Adjust three generator step-up transformer taps

Turn off capacitors at BAGCAP for n-0

Turn off capacitors at BAGCAP for n-0

voltage violations

I
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-0.15115 Line YAVAPAI 230 to WILOWLKE 230 oki 1BAGCAP Fix modeling errors on radial Bagdad system

-0,14Line COOLIDGE 115 to VLYFARMS 115 Ckt 1115VLYFARMS Switch in capacitors at Merrill 69kV

-0.13115 Line PRESCOTT 115 to BAGCAP 115 Ckt 1 Radial Bagdad system should be droppedBAGCAP

-0,13115 Tran PRESCOTT 2300 to PRESCOTT 115 Ckt 1BAGCAP Fix modeling errors on radial Bagdad system

-0.13Line PRESCOTT 115 to BAGCAP 115 Ckt 1115BAGDAD Radial Bagdad system should be dropped

Line BAGCAP 115 to BAGDAD 115 Ckt 1 -0.13115BAGDAD Radial Bagdad system should be dropped

-0.13115 Tran PRESCOTT 2300 to PRESCOTT 115 Cki 1BAGDAD Fix modeling errors on radial Bagdad system

Line GILARIVR 230 to GILABEND 230 Ckt 1230GILABEND Switch In existing capacitor at Gila Bend 69kV-0,11

-0,10Line YAVAPAI 230 to WILOWLKE 230 Ckt 1115PRESCOTT Fix modeling errors on radial Bagdad system

Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.09230WILOWLKE Fix modeling errors on radial Bagdad system,

Switch in multiple capacitors on local 69kV system

Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.09230WILOWLKW Fix modeling errors on radial Bagdad system,

Switch in multiple capacitors on local 69kV system

PRESCOTT -0.09Line YAVAPAI 230 to WILOWLKE 230 Ckt 1230 Fix modeling errors on radial Bagdad system

Close backup tap at Buckeye-0.09230 Line BUCKEYE 230 to LIBERW 230 Cki 1BUCKEYE

-0.09Line YAVAPAI 230 to WILOWLKE 230 Ckt 1230PRSCOTWA Fix modeling errors on radial Bagdad system

-0,09Line APACHE 230 to RED TAIL 230 Ckt 1230RED TAIL Add 50MVAR shunt at Hackberry

~0.08230 Line HACKBERY 230 to MORENCI 230 Ckt 1HACKBERY Add 50MVAR shunt at Hackberry

-0.07DOSCONDO 230 _(f1€ HACKBERY 230 to MORENCI 230 Ck! 1 Add 50MVAR shun! at Hackberry

-0.06230 Line APACHE 230 to RED TAIL 230 Ckt 1DOSCONDO Add 50MVAR shunt at Hackberry

-0.06230 Line APACHE 230 to RED TAIL 230 Ckt 1HACKBERY Add 50MVAR shunt at Hackberry

-0.06115 Tran PRESCOTT 230 to PRESCOTT 115 Ckt 1PRESCOTT Fix modeling errors on radial Bagdad system

Line YAVAPAI 230 to VERDE N 230 Ckl 1 -0.06VERDE N 230 Switch in capacitors at Verde 69kV

Line YAVAPAI 230 to VERDE N 230 Ckt 1 -0.06230VERDE S Switch in capacitors at Verde 69kV

Under contingency conditions, the following busses showed voltage deviations in excess of 5% (.o5) for
the simulated outages. The voltage deviations shown in Table 6 - Base Case Voltage Violations indicate
solutions for these violations.

kV CONTINGENCY DESCRIPTION
Voltage

Deviation SOLUTIONSName
BAGDAD 115 Line YAVAPAI 230 to WILOWLKE 230 Ckt 1 -0.15 WFix modeling errors on radial Bagdad system

Table 6 - Base Case Voltage Violations
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Project Outage (N -1 -1) followed by single contingency
The tables below highlight the impact due to the delay of a project beyond 2019 on the remaining
transmission system. The Project Outage analysis is a screening tool to assist in identifying criticality of
projects to the interconnected system if not in service at the end of the ten year timeframe.

Similar to the Base case results, tables below show voltage and thermal violations. The shaded cells
indicate where thermal violations were 5% greater than the Base case results or 3% greater than the Base
case results for voltage deviations.

The Projects showing the greatest impact to voltage violations are

APSo1 Palo Verde-Sun Valley (formerly TS5) 500 and 230 kV system
APSo4 Palm Valley-TS2-Trilby Wash (TS1) 23okv line
APSo7 Sun Valley (TS5) -Raceway (TS9) 50okv line

While these Project Outage cases indicate a lower voltage due to an outage, further investigation reveals
these outages result in a radial connection. The voltage deviation shown occurred at the bus at the end of
the radial connection and the bus has no load. The violations do not create cascading problems in the
remaining system.

CONTINGENCY DESCRIPTION APS03 APS04 APS05 APS05 APS07 APS08 APS09Name kV

TRLBY 230

SNVLY 500

SNVLY 500

Table

Line TRLBY 230 to SNVLY 230 Ckt 1

Line DELANY 500 to SNVLY 500 Ckt 1

Line SNVLY 500 to RACEWAY 500 Ckt 1

8 - Voltage Violations - APS Project

APS01 APS02

0.00 0.00

0.00 0.00

0.08 0.00

Outage cases

0.04

0.01

0.01

-0.08

0.01

000

0.04

0.01

0.01

0.04

0.01

0.01

-0.04

0.07

0.00

-0.04

-0.01

0.01

0.04

0.01

0.01

The following tables (Tables 9 and 10) show thermal overloads due to the Project Outage analyses.
Highlighting on these tables indicate where overloads exceed base case loading bye%. These thermal
overload results indicate a delay in the following Projects could increase loading on the remaining system
under contingency conditions:

APS #3 - Raceway-Avery-Pinnacle Peak 23okV line
APS #5 - Raeeway-Pinnacle Peak 5ookv line
TEP #1 - Pinal Central - Tortolita 500 kV line
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Study Findings
The Ten Year Snapshot study (aka the BTA study) investigating the coordinated impact of utilities ten
year plans on the Arizona extra high voltage (EHV) system found that:

The 2019 system is robust
Planned projects support the loads estimated for the 2019 timeframe

The Project Outage analysis (an N-1-1 analysis) indicated that the delay of any one project beyond the
2019 timeframe results in consistent thermal and voltage violations of the base case, with the exception
of:

Case # - Description
APS #3 - Raceway-Avery-Pinnacle Peak 23okV line
APS #5 - Raceway-Pinnacle Peak 5ookv line
TEP #1 - Pinar Central - Tortolita 500 kV line

A delay of any one of the three Planned Projects listed above resulted in thermal loadings 5% or more than
the base case (for contingencies). Because the contingencies related to these thermal violations were
already causing thermal violations in the base case (without removal of the planned project), these
findings are not surprising. Solutions that correct the base case loadings will be solutions for the Project
Outage scenarios. As a screening analysis the Project Outage portion of the Ten Year Snapshot study
indicates that the EHV system can support changes in the timing of some of the transmission and
generation projects without significant adverse effects on the remaining system.

The results of this study could be interpreted that the delay of one project doesn't have a negative impact
on the remaining system and therefore that particular project isn't needed. This interpretation of the data
presented would be false. Utilities plan their transmission systems for reliability, redundancy,
transmission scheduling capability, and economic considerations. This ten year snapshot is intended to
view the combined impact of a state-wide collaboration of projects that perhaps individual utilities might
not see when planning for the near term (5-6 years). Because all utilities' planned projects are modeled in
this longer term view, and with the interconnected nature of the transmission system, removal of a single
project results in redistribution of power on the remaining projects and system. This redistribution
reduces the impact of the delay of an individual project and does not point to a conclusion supporting a
lack of need for that individual project.

The results of the Ten Year Snapshot study indicates the planned 2019 Arizona transmission system is
robust as shown by limited voltage and thermal violations in the base case. Additionally, the Project
Outage scenarios indicate that a delay of any one Project does not have a significant impact on the
remaining transmission system.
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